Vegetation depends on light energy from the sun to convert C0 2 from the air to essential life-sustaining carbon compounds. Light has long been recognized as an essential factor in photosynthesis, which provides biochemical energy and carbon necessary for plant growth. The light-gathering system consists mainly of an aerial array of leaves, with a light trapping effectiveness that depends on many plant and environmental factors. The operation of this light-gathering system is a key determinant of plant productivity. A clearer understanding of it will help us to predict the growth of crops with more reliability.
The accumulated growth of any plant depends on the total carbon fixed by photosynthesis and the fraction of that carbon that can be converted to dry matter (DM). Although nutrients other than carbon also are essential to tissue growth, this chapter will consider only carbon. Only a portion of carbon fixed by photosynthesis eventually appears as standing DM. Some of the carbon is lost through plant respiration in two ways: (i) synthesis of compounds that form the final DM; and (ii) maintenance of the living complex in a functioning condition. These two forms of respiration are usually referred to as growth and maintenance. The distinction between them is somewhat arbitrary, so. separation of the two components is difficult experimentally.
A simplistic view of the disposition of carbon in a growing plant can be considered as a combination of three processes: (i) photosynthetic carbon fixation; (ii) maintenance respiration; and (iii) growth respiration. Although considerable uncertainty exists in the knowledge of all three processes, the work of Penning de Vries et al. (1974) has increased our confidence in growth respiration estimates so that carbon fixation and maintenance respiration represent greater uncertainty.
In this chapter, we will consider photosynthetic carbon fixation and its efficiency in terms of the mass of C0 2 fixed per unit of absorbed photosyn-
